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Abstract

Thisreportpresentsaspecificationfor thePortals3.0messagepassinginterface.Portals3.0is intendedto
allow scalable,high-performancenetwork communicationbetweennodesof aparallelcomputingsystem.
Specifically, it is designedto supporta parallelcomputingplatformcomposedof clustersof commodity
workstationsconnectedby a commoditysystemareanetwork fabric. In addition, Portals3.0 is well
suitedto massively parallelprocessingandembeddedsystems.Portals3.0 representsanadaptionof the
datamovementlayerdevelopedfor massively parallelprocessingplatforms,suchasthe4500-nodeIntel
TeraFLOPSmachine.
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Glossary

API Application ProgrammingInterface. A definition of the functionsand semanticsprovided by
library of functions.

Group Thecollectionof processes loadedasa paralleljob.

Initiator A process thatinitiatesa messageoperation.

Message An application-definedunit of datathatis exchangedbetweenprocesses.

MessageOperation Eithera putoperation,whichwritesdata,or agetoperation,which readsdata.

Network A network provides point-to-pointcommunicationbetweennodes. Internally, a network may
providemultiple routesbetweenendpoints(to improvefault toleranceor to improveperformance
characteristics);however, multiple pathswill not beexposedoutsideof thenetwork.

Node A nodeis anendpointin a network. Nodesprovide processingcapabilitiesandmemory. A node
mayprovidemultiple processors(anSMPnode)or it mayactasa gateway betweennetworks.

Process Theinstantiationof anexecutingprogramon a node.

Rank Eachprocess in a group is assignedauniqueintegerin therange0 to � , where� is thenumberof
processes in thegroup.

Target A process thatis acteduponby a messageoperation.
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The Portals 3.0MessagePassingSystem
Revision 1.0

1 Intr oduction

1.1 Overview

This documentdescribesanapplicationprogramminginterfacefor messagepassingbetweennodesin a systemarea
network. The goal of this interfaceis to improve the scalability and performanceof network communicationby
defining the functionsand semanticsof messagepassingrequiredfor scalinga parallel computingsystemto ten
thousandnodes. This goal is achieved by providing an interfacethat will allow a quality implementationto take
advantageof theinherentlyscalabledesignof Portals.

Thisdocumentis dividedinto severalsections:

Section1—Intr oduction
This sectiondescribesthepurposeandscopeof thePortalsAPI.

Section2—An Overview of the Portals 3.0API
This sectiongivesa brief overview of thePortalsAPI. Thegoal is to introducethekey concepts
andterminologyusedin thedescriptionof theAPI.

Section3—The Portals 3.0API
This sectiondescribesthe functionsandsemanticsof thePortalsapplicationprogramminginter-
face.

Section4–TheSemanticsof MessageTransmission
Thissectiondescribesthesemanticsof messagetransmission.In particular, theinformationtrans-
mittedin eachtypeof messageandtheprocessingof incomingmessages.

Section5—Examples
This sectionpresentsseveralexamplesintendedto illustratestheuseof thePortalsAPI.

1.2 Purpose

Existingmessagepassingtechnologiesavailablefor commodityclusternetworking hardwaredo not meetthescala-
bility goalsrequiredby the Cplant[1] projectat SandiaNationalLaboratories.The goal of the Cplantproject is to
constructa commodityclusterthat canscaleto the orderof ten thousandnodes. This numbergreatlyexceedsthe
capacityfor which existingmessagepassingtechnologieshavebeendesignedandimplemented.

In additionto thescalabilityrequirementsof thenetwork, thesetechnologiesmustalsobeableto supporta scal-
ableimplementationof theMessagePassingInterface(MPI) [7] standard,whichhasbecomethede facto standardfor
parallelscientificcomputing.While MPI doesnot imposeany scalabilitylimitations,existing messagepassingtech-
nologiesdonotprovidethefunctionalityneededto allow implementationsof MPI to meetthescalabilityrequirements
of Cplant.

Thefollowing arepropertiesof anetwork architecturethatdo not imposeany inherentscalabilitylimitations:
� Connectionless- Many connection-orientedarchitectures,suchasVIA [3] andTCP/IPsockets,havelimitations

on thenumberof peerconnectionsthatcanbeestablished.

� Network independence- Many communicationsystemsdependon the hostprocessorto performoperations
in orderfor messagesin the network to be consumed.Messageconsumptionfrom the network shouldnot be
dependentonhostprocessoractivity, suchastheoperatingsystemscheduleror user-level threadscheduler.

� User-level flow control - Many communicationsystemsmanageflow control internally to avoid depletingre-
sources,which cansignificantlyimpactperformanceasthenumberof communicatingprocessesincreases.

� OS Bypass- High performancenetwork communicationshouldnot involve memorycopiesinto or out of a
kernel-managedprotocolstack.
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Thefollowing arepropertiesof a network architecturethatdo not imposescalabilitylimitationsfor animplemen-
tationof MPI:

� Receiver-managed- Sender-managedmessagepassingimplementationsrequirea persistentblock of memory
to beavailablefor everyprocess,requiringmemoryresourcesto increasewith job sizeandrequiringuser-level
flow controlmechanismsto managetheseresources.

� User-level Bypass- While OSBypassis necessaryfor high-performance,it aloneis notsufficient to supportthe
ProgressRuleof MPI asynchronousoperations.

� Unexpectedmessages- Few communicationsystemshavesupportfor receiving messagesfor which thereis no
prior notification.Supportfor thesetypesof messagesis necessaryto avoid flow controlandprotocoloverhead.

1.3 Background

Portalswereoriginally designedfor andimplementedon thenCubemachineaspartof theSUNMOS(Sandia/UNM
OS) [6] andPuma[11] lightweight kerneldevelopmentprojects.Portalswent throughtwo designphases,the latter
of which is usedon the 4500-nodeIntel TeraFLOPSmachine[10]. Portalshave beenvery successfulin meeting
the needsof sucha largemachine,not only asa layer for a high-performanceMPI implementation[2], but alsofor
implementingthescalablerun-timeenvironmentandparallelI/O capabilitiesof themachine.

The secondgenerationPortalsimplementationwasdesignedto take full advantageof the hardwarearchitecture
of largeMPPmachines.However, efforts to implementthis samedesignon commodityclustertechnologyidentified
severallimitations,dueto thedifferencesin network hardwareaswell asto shortcomingsin thedesignof Portals.

1.4 Scalability

Theprimarygoalin thedesignof Portalsis scalability. Portalsaredesignedspecificallyfor animplementationcapable
of supportinga paralleljob runningon tenthousandnodes.Performanceis critical only in termsof scalability. That
is, the level of messagepassingperformanceis characterizedby how far it allows anapplicationto scaleandnot by
how it performsin a two-nodeping-pongbenchmark.

Portalsaredesignedto allow for scalability, not to guaranteeit. Portalscannotovercomethe shortcomingsof a
poorly designedapplicationprogram.Applicationsthathave inherentscalabilitylimitations,eitherthroughdesignor
implementation,will not be transformedby Portalsinto scalableapplications.Scalabilitymustbe addressedat all
levels.Portalsdo not inhibit scalability, but do not guaranteeit either.

To supportscalability, thePortalsinterfacemaintainsa minimal amountof state.Portalsprovide reliable,ordered
delivery of messagesbetweenpairs of processes.They areconnectionless:a processis not requiredto explicitly
establisha point-to-pointconnectionwith anotherprocessin orderto communicate.Moreover, all buffersusedin the
transmissionof messagesaremaintainedin userspace.The target processdetermineshow to respondto incoming
messages,andmessagesfor which thereareno buffersarediscarded.

1.5 Communication Model

Portalscombinethe characteristicsof both one-sideand two-sidedcommunication.They definea “matchingput”
operationanda “matchingget” operation.Thedestinationof a put (or send)is not anexplicit address;instead,each
messagecontainsa setof matchbits thatallow thereceiver to determinewhereincomingmessagesshouldbeplaced.
Thisflexibility allowsPortalsto supportbothtraditionalone-sidedoperationsandtwo-sidedsend/receiveoperations.

Portalsallows thetargetto determinewhetherincomingmessagesareacceptable.A targetprocesscanchooseto
acceptmessageoperationsfrom any specificprocessor canchooseto ignoremessageoperationsfrom any specific
process.

1.6 Zero Copy, OS Bypassand Application Bypass

In traditionalsystemarchitectures,network packetsarriveat thenetwork interfacecard(NIC), arepassedthroughone
or moreprotocollayersin theoperatingsystem,andeventuallycopiedinto theaddressspaceof theapplication.As
network bandwidthbeganto approachmemorycopy rates,reductionof memorycopiesbecamea critical concern.
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Thisconcernleadto thedevelopmentof zero-copy messagepassingprotocolsin whichmessagecopiesareeliminated
or pipelinedto avoid thelossof bandwidth.

A typical zero-copy protocol hasthe NIC generatean interrupt for the CPU whena messagearrivesfrom the
network. The interrupt handlerthen controls the transferof the incoming messageinto the addressspaceof the
appropriateapplication.The interruptlatency, the time from the initiation of an interruptuntil the interrupthandler
is running, is fairly significant. To avoid this cost,somemodernNICs have processorsthat canbe programmedto
implementpartof a messagepassingprotocol.Givena properlydesignedprotocol,it is possibleto programtheNIC
to control the transferof incomingmessages,without needingto interrupt the CPU.Becausethis strategy doesnot
needto involve the OS on every messagetransfer, it is frequentlycalled“OS Bypass.” ST [12], VIA [3], FM [5],
GM [9], andPortalsareexamplesof OSBypassprotocols.

Many protocolsthat supportOS Bypassstill requirethat the applicationactively participatein the protocol to
ensureprogress.As an example,the long messageprotocolof PM requiresthat the applicationreceive andreply
to a requestto put or get a long message.This complicatesthe runtimeenvironment,requiringa threadto process
incomingrequests,andsignificantly increasesthe latency requiredto initiate a long messageprotocol. The Portals
messagepassingprotocoldoesnot requireactivity on thepartof theapplicationto ensureprogress.We usetheterm
“ApplicationBypass”to referto thisaspectof thePortalsprotocol.

2 An Overview of the Portals API

In this section,we give a conceptualoverview of thePortalsAPI. Thegoal is to provide a context for understanding
thedetaileddescriptionof theAPI presentedin thenext section.

2.1 Data Movement

A portalrepresentsanopeningin theaddressspaceof aprocess.Otherprocessescanuseaportalto read(get)or write
(put) the memoryassociatedwith the portal. Every datamovementoperationinvolvestwo processes,the initiator
andthe target. The initiator is theprocessthat initiatesthedatamovementoperation.The target is theprocessthat
respondsto theoperationby eitheracceptingthedatafor aputoperation,or replyingwith thedatafor agetoperation.

In thisdiscussion,activitiesattributedto aprocessmayreferto activitiesthatareactuallyperformedby theprocess
or on behalf of the process. The inclusivenessof our terminologyis importantin the context of application bypass.
In particular, whenwe notethat thetargetsendsa reply in thecaseof a getoperation,it is possiblethatreply will be
generatedby anothercomponentin thesystem,bypassingtheapplication.

Figures1 and2 presentgraphicalinterpretationsof thePortaldatamovementoperations:put andget. In thecase
of a put operation,theinitiator sendsa put requestmessagecontainingthedatato thetarget. Thetargettranslatesthe
portaladdressinginformationin therequestusingits localportalstructures.Whentherequesthasbeenprocessed,the
targetoptionallysendsanacknowledgementmessage.

Transmission
Data

Translation

Optional
Acknowledgement

Portal

TargetInitiator

Figure1: PortalPut(Send)

In thecaseof a getoperation,the initiator sendsa get requestto the target. As with theput operation,thetarget
translatestheportaladdressinginformationin the requestusingits local portalstructures.Onceit hastranslatedthe
portaladdressinginformation,thetargetsendsareply thatincludestherequesteddata.
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Translation
Portal

Transmission
Data

Request

Initiator Target

Figure2: PortalGet

Weshouldnotethatportaladdresstranslationsareonly performedonnodesthatrespondto operationsinitiatedby
othernodes.Acknowledgementsandrepliesto getoperationsbypasstheportalsaddresstranslationstructures.

2.2 Portal Addressing

One-sideddatamovementmodels(e.g.,shmem[4], ST [12], MPI-2 [8]) typically usea triple to addressmemoryon
a remotenode.This triple consistsof a processid, memorybuffer id, andoffset. Theprocessid identifiesthetarget
process,thememorybuffer id specifiestheregion of memoryto beusedfor theoperation,andtheoffsetspecifiesan
offsetwithin thememorybuffer.

In additionto thestandardaddresscomponents(processid, memorybuffer id, andoffset),aportaladdressincludes
a setof matchbits. This addressingmodel is appropriatefor supportingone-sidedoperationsaswell astraditional
two-sidedmessagepassingoperations.Specifically, the PortalsAPI providesthe flexibility neededfor an efficient
implementationof MPI-1, which definestwo-sidedoperationswith one-sidedsemantics.

Figure 3 presentsa graphicalrepresentationof the structuresusedby a target in the interpretationof a portal
address.Theprocessid is usedto routethemessageto theappropriatenodeandis not reflectedin this diagram.The
memorybuffer id, calledthe portal id, is usedasan index into the portal table. Eachelementof the portalstable
identifiesa matchlist. Eachelementof thematchlist specifiestwo bit patterns:a setof “don’t care”bits,anda setof
“must match”bits. In additionto thetwo setsof matchbits,eachmatchlist elementhasa list of memorydescriptors.
Eachmemorydescriptoridentifiesa memoryregion andan optionaleventqueue.The memoryregion specifiesthe
memoryto beusedin theoperationandtheeventqueueis usedto recordinformationabouttheseoperations.

Memory
Descriptor

List
Memory
Region

Match List

Event Queue

Library Space Application Space

Portal Table

Figure3: PortalAddressingStructures

Figure4 illustratesthestepsinvolvedin translatingaportaladdress,startingfrom thefirst elementin a matchlist.
If thematchcriteriaspecifiedin thematchlist entryaremetandthefirst entry in thememorydescriptorlist accepts
the operation1, the operation(put or get) is performedusingthe memoryregion specifiedin the memorydescriptor.
(Note, while the matchlist is searchedfor a matchingentry, only the first elementin the memorydescriptorlist is

1Memory descriptorscan rejectoperationsbecausethe thresholdhasbeenexceededor due to insufficient spacein the memoryregion, see
Section3.7
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consideredfor theoperation.)If thememorydescriptorspecifiesthatit is to beunlinkedaftera successfuloperation,
it is unlinked from the list of memorydescriptors.Next, if the memorydescriptoris unlinkedandthis emptiesthe
memorydescriptorlist, thematchentrywill alsobeunlinkedif its unlink flaghasbeenset.Finally, if thereis anevent
queuespecifiedin thememorydescriptor, theoperationis loggedin theeventqueue.

Match Entry
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Figure4: PortalsAddressTranslation

If the matchcriteria specifiedin the matchlist entry arenot met or the memorydescriptorassociatedwith the
matchlist entryrejectstheoperation,theaddresstranslationcontinueswith thenext matchlist entry. If theendof the
matchlist hasbeenreached,theaddresstranslationis abortedandtheincomingrequestedis discarded.

2.3 AccessControl

A processcancontrolaccessto its portalsusinganaccesscontrol list. Eachentry in theaccesscontrol list specifies
a processid, a userid, anda portal tableindex. Theaccesscontrol list is actuallyanarrayof entries.Eachincoming
requestincludesanindex into theaccesscontrollist (i.e.,a“cookie” or hint). If theid of theprocessissuingtherequest
doesn’t matchtheid specifiedin theaccesscontrol list entry, theuserid of theissuingprocessdoesn’t matchtheuser
id specifiedin theentry, or theportaltableindex specifiedin therequestdoesn’t matchtheportaltableindex specified
in theaccesscontrollist entry, therequestis rejected.

Processidentifiers,useridentifiers,andportaltableindexesmayincludewildcardvaluesto increasetheflexibility
of this mechanism.Whentheaccesscontrol list is initialized, theentrywith index zeroenablesaccessto all portals
for all processesin thesameapplication(andhencethesameuserid) andtheentrywith index oneenablesaccessto
all portalsfor all systemprocesses.Theremainingentriesaresetto disableall otheraccess.

Two aspectsof this designmerit further discussion.First, the modelassumesthat the informationin a message
header, the sender’s id and user id in particular, is trustworthy. In most contexts, we assumethat the entity that
constructstheheaderis trustworthy; however, usingcryptographictechniques,we couldeasilydevisea protocolthat
wouldensuretheauthenticityof thesender.

Second,becausetheaccesscheckis performedby thereceiver, it is possiblethatamaliciousprocesswill generate
thousandsof messagesthatwill bedeniedby thereceiver. Thiscouldsaturatethenetwork and/orthereceiver, resulting
in a denial of service attack. Moving thecheckto thesenderusingcapabilities,would remove thepotentialfor this
form of attack.However, thesolutionintroducesthecomplexitiesof capabilitymanagement(exchangeof capabilities,
revocation,protections,etc).
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3 The Portals API

3.1 Naming Conventions

ThePortalsAPI definestwo typesof entities:functionsandtypes.Functionalwaysstartwith Ptl andusemixedupper
andlowercase.Whenusedin thebodyof this report,functionnamesappearin italic face,e.g.,PtlInit. Thefunctions
associatedwith anobjecttypewill have namesthatstartwith Ptl, followedby thetwo letterobjecttypecodeshown
in Table1. As anexample,thefunctionPtlEQAlloc allocatesresourcesfor aneventqueue.

Table1: ObjectTypeCodes

xx Name Section
EQ EventQueue 3.8
MD MemoryDescriptor 3.7
ME MatchEntry 3.6
NI Network Interface 3.5

Typenamesuselower casewith underscoresto separatewords. Eachtypenamestartswith ptl_ andendswith
_t . Whenusedin thebodyof this report,typenamesappearin afixedfont, e.g.,ptl_match_bits_t .

Namesfor constantsuseuppercasewith underscoresto separatewords. Eachconstantnamestartswith PTL_.
Whenusedin thebodyof this report,typenamesappearin afixedfont, e.g.,PTL_OK.

3.2 BaseTypes

ThePortalsAPI definesa varietyof basetypes.Thesetypesrepresenta simplerenamingof thebasetypesprovided
by the C programminglanguage.In mostcasesthesenew typenameshave beenintroducedto improve type safety
andto avoid issuesarisingfrom differencesin representationsizes(e.g.,16-bit or 32-bit integers).

3.2.1 Sizes

Thetypeptl_size_t is anunsignedintegral typeusedfor representingsizes.

3.2.2 Handles

Objectsmaintainedby theAPI areaccessedthroughhandles.Handletypeshavenamesof theformptl_handle_ xx_t ,
wherexx is oneof thetwo letterobjecttypecodesshown in Table1. For example,thetypeptl_handle_ni_t is
usedfor network interfacehandles.

Eachtypeof objectis givenauniquehandletypeto enhancetypechecking.Thetype,ptl_handle_any_t , can
beusedwhenagenerichandleisneeded.Everyhandlevaluecanbeconvertedintoavalueof typeptl_handle_any_t
without lossof information.

Handlesarenotsimplevalues.Everyportalsobjectis associatedwith aspecificnetwork interfaceandanidentifier
for this interface(alongwith anobjectidentifier)is partof thehandlefor theobject.

3.2.3 Indexes

Thetypesptl_pt_index_t andptl_ac_index_t areintegral typesusedfor representingportaltableindexes
andaccesscontroltablesindexes,respectively.

3.2.4 Match Bits

Thetypeptl_match_bits_t is capableof holdingunsigned64-bit integervalues.
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3.2.5 Network Interfaces

Thetypeptl_interface_t is an integral typeusedfor identifying differentnetwork interfaces.Userswill need
to consultthe local documentationto determineappropriatevaluesfor the interfacesavailable. The specialvalue
PTL_IFACE_DEFAULTidentifiesthedefault interface.

3.2.6 Identifiers

Thetypeptl_id_t is anintegral typeusedfor representinggroupids,nodeids,processids,andrankids.

3.2.7 StatusRegisters

Eachnetwork interfacemaintainsanarrayof statusregistersthatcanbeaccessedusingthePtlNIStatus function
(seeSection3.5.4).Thetypeptl_sr_index_t definesthetypesof indexesthatcanbeusedto accessthestatusreg-
isters.Theonly index definedfor all implementationsis PTL_SR_DROP_COUNTwhich identifiesthestatusregister
thatcountsthedroppedrequestsfor theinterface.Otherindexes(andregisters)maybedefinedby theimplementation.

The type ptl_sr_value_t definesthe typesof valuesheld in statusregisters. This is a signedinteger type.
Thesizeis implementationdependent,but mustbeat least32bits.

3.3 Initialization and Cleanup

The PortalsAPI includesa function, PtlInit, to initialize the library and a function, PtlFini, to cleanupafter the
applicationis doneusingthelibrary.

3.3.1 PtlInit

int PtlInit( void );

The PtlInit function initializes the Portalslibrary. This function shouldbe calledby all processesin an application
beforecalling any of the functionsdefinedby the Portal API. This function shouldbe called at leastonceduring
initialization by eachprocessin a paralleljob.

Return Codes

PTL_OK Indicatessuccess.
PTL_FAIL Indicatesanerrorduringinitialization.

Implementation Notes

Thisoperationmaybeimplementedasacollectiveoperationinvolving all of theprocessesin a group.

3.3.2 PtlFini

void PtlFini( void );

ThePtlFini functioncleansup afterthePortalslibrary is no longerneededby a process.After this functionis called,
calls to any of thefunctionsdefinedby thePortalAPI or useof thestructuressetup by thePortalsAPI will resultin
undefinedbehavior. This functionshouldbecalledonceandonly onceduringterminationby eachprocessin aparallel
job. Typically, this functionwill becalledin theexit sequenceof eachprocess.
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3.4 ProcessIdentification

Processesthat usethe PortalsAPI, canbe identifiedusinga nodeid andprocessid. Every nodein the computing
systemhasa uniquenodeidentifierandeveryprocessrunningon a nodehasa uniqueprocessidentifier. As such,any
processin thecomputingsystemcanbeidentifiedby its nodeid andprocessid. Processescanalsobeidentifiedusing
a groupid andrankid. Whena portalsjob is loaded,it is givena uniquegroupidentifier. In addition,eachprocessin
thejob is assignedauniquerankid startingatzero.

The PortalsAPI definesa type, ptl_process_id_t for representingprocessids usingeitheror both of the
schemes,a function,PtlGetId, whichcanbeusedto obtaintheid of thecurrentprocess,anda function,PtlTransId, to
translateaddressesbetweenthetwo schemes.

3.4.1 The ProcessId Type

typedef enum { PTL_ADDR_NID, PTL_ADDR_GID, PTL_ADDR_BOTH} ptl_addr_kind_t;

typedef struct {
ptl_addr_kind_t addr_kind; /* kind of address pair */
ptl_id_t nid, pid; /* node id, process id */
ptl_id_t gid, rid; /* group id, rank id */

} ptl_process_id_t;

Theptl_process_id_t typeusesa tagandup to four identifiersto representa processid. Whenever a process
id is filled in by the interface(e.g., by PtlGetId or when an event is recorded),the addr_kind memberis set
to PTL_ADDR_BOTH, andall four of the four remainingmemberswill be set to the appropriatevalues. Whena
processid is passedto anoperationin thePortalsAPI (e.g.,PtlGetId or PtlGet), theaddr_kind membermustbe
PTL_ADDR_NIDor PTL_ADDR_GIDandthenid andpid or gid andrid membersmustbefilled in, respectively.

3.4.2 PtlGetId

int PtlGetId( ptl_handle_ni_t ni_handle,
ptl_process_id_t* id,
ptl_id_t* gsize );

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_SEGV Indicatesthat id or gsize is nota legaladdress.

Ar guments

handle input A network interfacehandle.
id output Onsuccessfulreturn,this locationwill hold theid for thecallingprocess.
gsize output Onsuccessfulreturn,this locationwill hold thenumberof processesin theprocess

groupfor this process.

Implementation Notes

Noticethatprocessidentifiersareindependentof thenetwork interface(s)usedby theprocess.

3.4.3 PtlTransId

int PtlTransId( ptl_handle_ni_t ni_handle,
ptl_process_id_t old_id,
ptl_process_id *new_id );
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Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_SEGV Indicatesthat id is not a legaladdress.
PTL_ADDR_UNKNOWNIndicatesthattheaddresscouldnot betranslated.

Ar guments

ni_handle input A network interfacehandle.
id input Theprocessaddressto betranslated.This addressshouldbeexpressedusingnid, pid

or gid, rid addressing,i.e.,addr_kind shouldbePTL_ADDR_NIDor
PTL_ADDR_GID.

new_id output Onsuccessfulreturn,this locationwill holda processaddresswith all four address
membersfilled in, i.e.,addr_kind will bePTL_ADDR_BOTH.

Implementation Notes

Thisoperationshouldbeimplementedasa localoperation.Thatis, theAPI shouldnotqueryothernodesto determine
thetranslationfor a processaddress.As a minimum,theAPI shouldbeableto translateany addressesfor processes
in thesamegroupasthecalling process.Othertranslationscanbeprovidedat thediscretionof theimplementor. For
example,an implementationmay maintaina cacheof recentaddressesthat it hasseen. (Every incomingmessage
includesall four addressesfor thesendingprocess.)

3.5 Network Interfaces

ThePortalsAPI supportstheuseof multiple network interfaces.However, eachinterfaceis treatedasanindependent
entity. Combininginterfaces(e.g.,“bonding” to createa higherbandwidthconnection)mustbe implementedby the
applicationor embeddedin theunderlyingnetwork. Interfacesaretreatedasindependententitiesto make it easierto
cacheinformationon individualnetwork interfacecards.

Onceinitialized,eachinterfaceprovidesa portaltable,anaccesscontroltable,andacollectionof statusregisters.
SeeSection3.6for a discussionof updatingportaltableentriesusingthePtlMEAttach function.SeeSection3.9for a
discussionof theinitializationandupdatingof entriesin theaccesscontroltable.SeeSection3.5.4for adiscussionof
thePtlNIStatus functionwhich canbeusedto determinethevalueof astatusregister.

Everyothertypeof Portalobject(e.g.,memorydescriptor, eventqueue,ormatchentry)is associatedwith aspecific
network interface.Theassociationto a network interfaceis establishedwhentheobjectis createdandis encodedin
thehandlefor theobject.

Eachnetwork interfaceis initialized andshutdown independently. The initialization routine,PtlNIInit, returnsa
handlefor an interfaceobjectwhich is usedin all subsequentportal operations.The PtlNIFini function is usedto
shutdown aninterfaceandreleaseany resourcesthatareassociatedwith theinterface.

The PortalsAPI alsodefinesthe PtlNIStatus function to query the statusregistersfor a network interface,the
PtlNIDist function to determinethe “distance” to anotherprocess,and the PtlNIHandle function to determinethe
network interfacethatanobjectis associatedwith.

3.5.1 PtlNIInit

int PtlNIInit( ptl_interface_t interface,
ptl_pt_index_t ptl_size,
ptl_ac_index_t acl_size,
ptl_handle_ni_t* handle );

ThePtlNIInit functionis usedto initializedthePortalsAPI for anetwork interface.Thisfunctionmustbecalledbefore
any otheroperationsthatapply to the interface. It is not anerror to initialize a network interfacemorethanoncein
thesameprocess.Callsto this functionafterthefirst successfullcall will continueto returna valid network interface
handle.
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Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INIT_DUP Indicatesa duplicateinitializationof interface .
PTL_INIT_INV Indicatesthat interface is not a valid network interface.
PTL_NOSPACE Indicatesthatthereis insufficientmemoryto initialize theinterface.
PTL_INV_PSIZE Indicatesthatptl_size is invalid.
PTL_INV_ASIZE Indicatesthatacl_size is invalid.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

interface input Identifiesthenetwork interfaceto beinitialized. (Seesection3.2.5for a discussionof
valuesusedto identify network interfaces.)

ptl_size input Specifiesthenumberof entriesin theportaltablefor this interface.
acl_size input Specifiesthesizeof theaccesscontrollist for this interface.(Seesection3.9 for more

informationaboutaccesscontrollists.)
handle output Onsuccessfulreturn,this locationwill holda handlefor theinterface.

Implementation Notes

Themaximumnumberof portaltableentriesallowedby aspecificinterfaceis implementationdependent.Someportal
tableindexesmay be reservedby the implementation.The initialization routineis a local operationandshouldnot
involvecommunicationwith any othernodes.

3.5.2 PtlNIFini

int PtlNIFini( ptl_handle_ni_t interface );

ThePtlNIFini functionis usedto releasetheresourcesallocatedfor anetwork interface.OncethePtlNIFini operation
hasbeenstarted,theresultsof pendingAPI operations(e.g.,operationsinitiatedby anotherthread)for this interface
areundefined.Similarly, theeffectsof incomingoperations(putsandgets)or returnvalues(acknowledgementsand
replies)for this interfaceareundefined.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.

Ar guments

interface input A handlefor theinterfaceto shutdown.

3.5.3 PtlNIBarrier

int PtlNIBarrier( ptl_handle_ni_t interface );

ThePtlNIBarrier functionblocksthecalling processuntil all processesin theprocessgrouphave invokedthePtlNI-
Barrier functionfor thespecifiedinterface.
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Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.

Ar guments

interface input A handlefor theinterfaceto use.

3.5.4 PtlNIStatus

int PtlNIStatus( ptl_handle_ni_t interface,
ptl_sr_index_t register,
ptl_sr_value_t* status );

ThePtlNIStatus functionreturnsthevalueof a statusregisterfor thespecifiedinterface.(Seesection3.2.7for more
informationon statusregisterindexesandstatusregistervalues.)

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.
PTL_INV_SR_INDX Indicatesthatregister is not avalid statusregister.
PTL_SEGV Indicatesthatstatus is not a legaladdress.

Ar guments

interface input A handlefor theinterfaceto use.
register input An index for thestatusregisterto read.
status output Onsuccessfulreturn,this locationwill hold thecurrentvalueof thestatusregister.

Implementation Notes

Theonly statusregisterthatmustbedefinedis adropcountregister(PTL_SR_DROP_COUNT). Implementationsmay
defineadditionalstatusregisters.Identifiersfor theindexesassociatedwith theseregistersshouldstartwith theprefix
PTL_SR_.

3.5.5 PtlNIDist

int PtlNIDist( ptl_handle_ni_t interface,
ptl_process_id_t process,
unsigned long* distance );

ThePtlNIDist functionreturnsthedistanceto anotherprocessusingthespecifiedinterface.Distancesareonly defined
relative to aninterface.Distancecomparisonsbetweendifferentinterfaceson thesamenodemaybemeaningless.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.
PTL_INV_PROC Indicatesthatprocess is not avalid processidentifier.
PTL_SEGV Indicatesthatdistance is not a legaladdress.
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Ar guments

interface input A handlefor theinterfaceto use.
process input An identifierfor theprocesswhosedistanceis beingrequested.
distance output Onsuccessfulreturn,this locationwill hold thedistanceto theremoteprocess.

Implementation Notes

This functionshouldreturna staticmeasureof distance.Examplesincludeminimumlatency, theinverseof available
bandwidth,or thenumberof switchesbetweenthetwo endpoints.

3.5.6 PtlNIHandle

int PtlNIHandle( ptl_handle_any_t handle,
ptl_handle_ni_t* interface );

ThePtlNIHandle functionreturnsahandlefor thenetwork interfacethattheobjectidentifiedby handle is associated
with. If theobjectidentifiedby handle is a network interface,this functionreturnsthesamevalueit is passed.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_HANDLE Indicatesthathandle is not avalid handle.
PTL_SEGV Indicatesthat interface is not a legaladdress.

Ar guments

handle input A handlefor theobject.
interface output Onsuccessfulreturn,this locationwill holda handlefor thenetwork interface

associatedwith handle .

Implementation Notes

Every handleshouldencodethe network interfaceand the object id relative to this handle. Both are presumably
encodedusingintegervalues.

3.6 Match Entries and Match Lists

A matchlist is a chainof matchentries.Eachmatchentry includesa list of memorydescriptorsanda setof match
criteria.Thematchcriteriacanbeusedto rejectincomingrequestsbasedonprocessid and/orthematchbitsprovided
in therequest.A matchlist is createdusingthePtlMEAttach functionwhichcreatesamatchlist consistingof asingle
matchentry, attachesthe matchlist to the specifiedportal index, andreturnsa handlefor the matchentry. Match
entriescanbedynamicallyinsertedandremovedfrom amatchlist usingthePtlMEInsert andPtlMEUnlink functions.

3.6.1 PtlMEAttach

typedef enum { PTL_RETAIN, PTL_UNLINK } ptl_unlink_t;

int PtlMEAttach( ptl_handle_ni_t interface,
ptl_pt_index_t index,
ptl_process_id_t matchid,
ptl_match_bits_t match_bits,
ptl_match_bits_t ignorebits,
ptl_unlink_t unlink,
ptl_handle_me_t* handle );
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Valuesof thetypeptl_unlink_t areusedtocontrolwhetheranitemisunlinkedfrom alist. ThevaluePTL_UNLINK
enablesunlinking. ThevaluePTL_RETAIN disablesunlinking.

ThePtlMEAttach functioncreatesa matchlist consistingof a singleentryandattachesthis list to theportal table
for interface . If theportaltablealreadyhasamatchlist attachedto thespecifiedindex, theexisting list (including
any attachedmemorydescriptorlists)mustfirst beunlinked.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INUSE Indicatesthattheportaltableindex alreadyhasamatchentryattached.
PTL_INV_PTINDEX Indicatesthat index is not a valid portaltableindex.
PTL_INV_PROC Indicatesthatmatchid is not avalid processidentifier.
PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatethematchentry.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

interface input A handlefor theinterfaceto use.
index input Theportaltableindex wherethematchlist shouldbeattached.
matchid input Specifiesthematchcriteriafor theprocessid of therequestor. Theconstant

PTL_ID_ANY canbeusedto wildcardany of theids in theptl_process_id_t
structure.

match_bits,
ig-
norebits

input Specifythematchcriteriato applyto thematchbits in theincomingrequest.The
ignorebits areusedto maskout insignificantbits in theincomingmatchbits. The
resultingbits arethencomparedto thematchentry’smatchbits to determineif the
incomingrequestmeetsthematchcriteria.

unlink input Indicatesthematchlist entryshouldbeunlinkedwhenthelastmemorydescriptor
associatedwith this matchentryis unlinked.(Note,thecheckfor unlinkinga match
entryonly occurswhenamemorydescriptoris unlinkedandthis leavesthememory
descriptorlist empty.)

handle output Onsuccessfulreturn,this locationwill holda handlefor thenewly createdmatch
entry.

3.6.2 PtlMEInsert

typedef enum { PTL_INS_BEFORE, PTL_INS_AFTER } ptl_ins_pos_t;

int PtlMEInsert( ptl_handle_me_t current,
ptl_process_id_t matchid,
ptl_match_bits_t match_bits,
ptl_match_bits_t ignorebits,
ptl_unlink_t unlink,
ptl_ins_pos_t position,
ptl_handle_me_t* handle );

Valuesof thetypeptl_ins_pos_t areusedto controlwhereanew itemis insertedin alist. ThevaluePTL_INS_BEFORE
is usedto insert the new item beforethe currentitem. The valuePTL_INS_AFTER is usedto insert the new item
afterthecurrentitem.

ThePtlMEInsert functioncreatesanew matchentryandinsertsthisentryinto thematchlist containingcurrent .

Return Codes

PTL_OK Indicatessuccess.
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PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_PROC Indicatesthatmatchid is not avalid processidentifier.
PTL_INV_ME Indicatesthatcurrent is not avalid matchentryhandle.
PTL_ML_TOOLONG Indicatesthat the resultingmatchlist is too long. The maximumlength for a matchlist is

definedby theinterface.
PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatethematchentry.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

current input A handlefor a matchentry. Thenew matchentrywill beinsertedimmediatelybefore
or immediatelyafterthismatchentry.

matchid,
match_bits,
ig-
norebits,
unlink

input Seethediscussionfor PtlMEAttach.

position input Indicateswhetherthenew matchentryshouldbeinsertedbeforeor afterthe
current entry.

handle input Seethediscussionfor PtlMEAttach.

3.6.3 PtlMEUnlink

int PtlMEUnlink( ptl_handle_me_t entry );

The PtlMEUnlink function canbe usedto unlink a matchentry from a matchlist. This operationalsoreleasesany
resourcesassociatedwith the matchentry (including the list of associatedmemorydescriptors).It is anerror to use
thematchentryhandleaftercalling PtlMEUnlink.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_ME Indicatesthatentry is not a valid matchentryhandle.

Ar guments

entry input A handlefor thematchentryto beunlinked.

3.7 Memory Descriptors

A memorydescriptorcontainsinformation abouta region of an applicationprocess’memoryandan event queue
whereinformationabouttheoperationsperformedon thememorydescriptorarerecorded.ThePortalsAPI provides
threeoperationsto creatememorydescriptors:PtlMDAttach, PtlMEInsert, andPtlMEBind; an operationto update
a memorydescriptor, PtlMDUpdate; andanoperationto unlink andreleasetheresourcesassociatedwith a memory
descriptor, PtlMDUnlink.

3.7.1 The Memory Descriptor Type

typedef struct {
void* start;
ptl_size_t length;
int threshold;
unsigned int options;
void* user_ptr;
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ptl_handle_eq_t eventq;
} ptl_md_t;

Theptl_md_t type definesthe applicationview of a memorydescriptor. Valuesof this typeareusedto initialize
andupdatethememorydescriptors.

Members

start, length Specifythememoryregionassociatedwith thememorydescriptor. Thestart memberspec-
ifies thestartingaddressfor thememoryregionandthe length memberspecifiesthelength
of theregion. Thestart membercanbeNULL providedthat the length memberis zero.
(Zero lengthbuffers areusefulto recordevents.) Thereareno alignmentrestrictionson the
startingaddressor thelengthof theregion;although,unalignedmessagesmaybeslower (i.e.,
lowerbandwidthand/orlongerlatency) on someimplementations.

threshold Specifiesthemaximumnumberof operationsthatcanbeperformedonthememorydescriptor.
An operationis any actionthatcouldpossiblygenerateanevent(seeSectionsec:ek-typefor
thedifferenttypesof events). In the usualcase,the thresholdvalueis decrementedfor each
operationon thememorydescriptor. Whenthethresholdvalueis zero,thememorydescriptor
is inactive, and doesnot respondto operations. A memorydescriptorcan have an initial
thresholdvalueof zero to allow for manipulationof an inactive memorydescriptorby the
local process.A thresholdvalueof PTL_MD_THRESH_INFindicatesthat thereis no bound
on the numberof operationsthat may be appliedto a memorydescriptor. Note that local
operations(e.g.,PtlMDUpdate) arenot appliedto thethresholdcount.

options Specifiesthebehavior of thememorydescriptor. Therearefive optionsthatcanbeselected:
enableput operations(yesor no),enablegetoperations(yesor no),offsetmanagement(local
or remote),messagetruncation(yesor no),andacknowledgement(yesor no). Valuesfor this
argumentcanbeconstructedusingabitwiseor of thefollowing values:

PTL_MD_OP_PUT Specifiesthat the memorydescriptorwill respondto put
operations.By default, memorydescriptorsrejectput op-
erations.

PTL_MD_OP_GET Specifiesthat the memorydescriptorwill respondto get
operations.By default, memorydescriptorsrejectget op-
erations.

PTL_MD_MANAGE_REMOTESpecifiesthattheoffsetusedin accessingthemem-
ory regionis providedby theincomingrequest.By default,
the offset is maintainedlocally. Whenthe offset is main-
tainedlocally, theoffsetis incrementedby thelengthof the
requestso that thenext operationwill accessthenext part
of thememoryregion.

PTL_MD_TRUNCATESpecifiesthat the lengthprovided in the incomingrequest
canbe reducedto matchthe memoryavailable in the re-
gion. (The memoryavailable in a memoryregion is de-
terminedby subtractingthe offset from the length of the
memoryregion.) By default, if the lengthin the incoming
operationis greaterthantheamountof memoryavailable,
theoperationis rejected.

PTL_MD_ACK_DISABLESpecifiesthatanacknowledgementshouldnot besent
for incomingput operations,evenif requested.By default,
acknowledgementsaresentfor put operationsthat request
an acknowledgement.Acknowledgementsare never sent
for get operations.Thevaluesentin thereply servesasan
implicit acknowledgement.

Note: It is not consideredan error to have a memorydescriptorthat doesnot respondto
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eitherput or get operations:Every memorydescriptorrespondsto reply operations.Nor is it
consideredanerrorto havea memorydescriptorthatrespondsto bothput andget operations.

user_ptr A user-specifiedvaluethatis associatedwith thememorydescriptor. Thevaluedoesnot need
to beapointer, but mustfit in thespaceusedby apointer. Thisvalue(alongwith othervalues)
is recordedin eventsassociatedwith operationson this memorydescriptor.2

eventq A handlefor the event queueusedto log the operationsperformedon the memoryregion.
If this argumentis PTl_EQ_NONE, operationsperformedon this memorydescriptorarenot
logged.

3.7.2 PtlMDAttach

int PtlMDAttach( ptl_handle_me_t match,
ptl_md_t mem_desc,
ptl_unlink_t unlink,
ptl_handle_md_t* handle );

ThePtlMDAttach operationis usedto createa memorydescriptorlist consistingof a singlememorydescriptorand
attachthis list to a matchentry. If this matchentry alreadyhasa list of memorydescriptors,the existing memory
descriptorsmustfirst beunlinked.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INUSE Indicatesthatmatch alreadyhasamemorydescriptorattached.
PTL_INV_ME Indicatesthatmatch is not a valid matchentryhandle.
PTL_ILL_MD Indicatesthat mem_desc is not a legal memorydescriptor. This may happenbecausethe

memoryregion definedin mem_desc is invalid or becausethenetwork interfaceassociated
with the eventq in mem_desc is not the sameas the network interfaceassociatedwith
match .

PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatethememorydescriptor.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

match input A handlefor thematchentrythatthememorydescriptorwill beassociatedwith.
mem_desc input Providesinitial valuesfor theapplicationvisiblepartsof a memorydescriptor. Other

thanits usefor initialization, thereis no linkagebetweenthis structureandthe
memorydescriptormaintainedby theAPI.

unlink input A flag to indicatewhetherthememorydescriptoris unlinkedwhenits thresholddrops
to zero.(Note,thecheckfor unlinking amemorydescriptoronly occurswhenthe
thresholdtransitionsfrom oneto zerowhenrespondingto anoperation.If the
thresholdis setto zeroduringinitialization or usingPtlMDUpdate, thememory
descriptoris not unlinked.)

handle output Onsuccessfulreturn,this locationwill holda handlefor thenewly createdmemory
descriptor. Thehandle argumentcanbeNULL, in whichcasethehandlewill not
bereturned3.

2Tying the memorydescriptorto a user-definedvaluecanbe usefulwhenmultiple memorydescriptorsharethe sameevent queueor when
the memorydescriptorneedsto be associatedwith a datastructuremaintainedby the application. For example,an MPI implementationcan
setthe user_ptr argumentto the valueof an MPI Request.This direct associationallows for processingof memorydescriptor’s by the MPI
implementationwithouta tablelookupor asearchfor theappropriateMPI Request.
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3.7.3 PtlMDInsert

int PtlMDInsert( ptl_handle_md_t current,
ptl_md_t mem_desc,
ptl_unlink_t unlink,
ptl_ins_pos_t position,
ptl_handle_md_t* handle );

ThePtlMDInsert createsa new memorydescriptorandlinks it into thelist containingcurrent .

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_ILL_MD Indicatesthatmem_desc is nota legalmemorydescriptor(e.g.,thememoryregionspecified

by thememorydescriptormaybeinvalid).
PTL_INV_MD Indicatesthatcurrent is not avalid memorydescriptorhandle.
PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatethememorydescriptor.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

current input A handlefor a memorydescriptor. Thenew memorydescriptorwill beinserted
immediatelybeforeor immediatelyafterthis memorydescriptor.

mem_desc,
unlink

input Seethediscussionfor PtlMDAttach.

position input Indicateswhetherthenew memorydescriptorshouldbeinsertedbeforeor afterthe
current entry.

handle output Seethediscussionfor PtlMDAttach.

3.7.4 PtlMDBind

int PtlMDBind( ptl_handle_ni_t interface,
ptl_md_t mem_desc,
ptl_handle_md_t* handle );

ThePtlMDBind operationis usedto createa “free floating” memorydescriptor, i.e., a memorydescriptorthat is not
partof thememorydescriptorlist for a matchentry.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid matchentryhandle.
PTL_ILL_MD Indicatesthat mem_desc is not a legal memorydescriptor. This may happenbecausethe

memoryregion definedin mem_desc is invalid or becausethenetwork interfaceassociated
with theeventq in mem_desc is not thesameasthenetwork interface,interface .

PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatethememorydescriptor.
PTL_SEGV Indicatesthathandle is not a legaladdress.
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Ar guments

interface input A handlefor thenetwork interfacethatthememorydescriptorwill beassociatedwith.
mem_desc input Providesinitial valuesfor theapplicationvisiblepartsof a memorydescriptor. Other

thanits usefor initialization, thereis no linkagebetweenthis structureandthe
memorydescriptormaintainedby theAPI.

handle output Onsuccessfulreturn,this locationwill holda handlefor thenewly createdmemory
descriptor. Thehandle argumentmustbeavalid addressandcannotbeNULL.

3.7.5 PtlMDUnlink

int PtlMDUnlink( ptl_handle_md_t mem_desc );

The PtlMDUnlink functionunlinks the memorydescriptorfrom any memorydescriptorlist it maybe linked to and
releasestheresourcesassociatedwith amemorydescriptor. (Thisfunctiondoesnot freethememoryregionassociated
with thememorydescriptor.)

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_MD Indicatesthatmem_desc is not avalid memorydescriptorhandle.

Ar guments

mem_desc input A handlefor thememorydescriptorto bereleased.

3.7.6 PtlMDUpdate

int PtlMDUpdate( ptl_handle_md_t mem_desc,
ptl_md_t* old,
ptl_md_t* new,
ptl_handle_eq_t testq );

The PtlMDUpdate function providesa conditional,atomicupdateoperationfor memorydescriptors.If old is not
NULL, thecurrentvalueof thememorydescriptoridentifiedby mem_desc is recordedin the locationidentifiedby
old . If new is not NULL the memorydescriptoridentifiedby handlewill be updatedto reflect the valuesin the
structurepointedto by new if testq hasthe valuePTL_EQ_NONEor if the event queueidentifiedby testq is
empty.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_NOUPDATE Indicatesthattheupdatewasnotperformedbecausetestq wasnot empty.
PTL_INV_MD Indicatesthatmem_desc is not avalid memorydescriptorhandle.
PTL_ILL_MD Indicatesthatthevaluepointedto by new is not a legalmemorydescriptor(e.g.,thememory

regionspecifiedby thememorydescriptormaybeinvalid).
PTL_INV_EQ Indicatesthattestq is not a valid eventqueuehandle.
PTL_SEGV Indicatesthatnew or old is not a legaladdress.
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Ar guments

mem_desc input A handlefor thememorydescriptorto update.
old output If old is not thevalueNULL, thecurrentvalueof thememorydescriptorwill be

storedin thelocationidentifiedby old .
new input If new is not thevalueNULL, thisargumentprovidesthenew valuesfor thememory

descriptor, if theupdateis performed.
testq input A handlefor aneventqueueusedto predicatetheupdate.If testq is equalto

PTL_EQ_NONE, theupdateis performedunconditionally. Otherwise,theupdateis
performedif andonly if testq is empty. If theupdateis not performed,thefunction
returnsthevaluePTL_NOUPDATE. (Note,thetestq argumentdoesnot needto be
thesameastheeventqueueassociatedwith thememorydescriptor.)

Theconditionalupdatecanbeusedto ensurethatthememorydescriptorhasnot changedbetweenthetime it was
examinedandthetime it is updated.In particular, it is neededto supportanMPI implementationwheretheactivity of
searchinganunexpectedmessagequeueandpostinga receivemustbeatomic.

3.8 Eventsand Event Queues

Eventqueuesareusedto log operationsperformedon memorydescriptors.They canalsobeusedto hold acknowl-
edgementsfor completedput operationsandto notewhenthe dataspecifiedin a put operationhasbeensent(i.e.,
whenit is safeto reusethebuffer thatholdsthis data).Multiple memorydescriptorscanshareasingleeventqueue.

In addition to the ptl_handle_eq_t type, the PortalsAPI definestwo typesassociatedwith events: The
ptl_event_kind_t type definesthe kinds of eventsthat canbe storedin an eventqueue.The ptl_event_t
typedefinesastructurethatholdstheinformationassociatedwith anevent.

The PortalsAPI alsoprovidesfive functionsfor dealingwith event queues:The PtlEQAlloc function is usedto
allocatetheAPI resourcesneededfor aneventqueue,thePtlEQFree function is usedto releasetheseresources,the
PtlEQCount functioncanbeusedto obtainthenumberof eventsin aneventqueue,thePtlEQGet functioncanbeused
to getthenext eventfrom aneventqueue,andthePtlEQWait functioncanbeusedto block aprocess(or thread)until
aneventqueuehasat leastoneevent.

3.8.1 Kinds of Events

typedef enum {
PTL_EVENT_GET,
PTL_EVENT_PUT,
PTL_EVENT_REPLY,
PTL_EVENT_ACK,
PTL_EVENT_SENT

} ptl_event_kind_t;

ThePortalsAPI definesfive typesof eventsthatcanbeloggedin aneventqueue:
PTL_EVENT_GET A remoteget operationwasperformedonthememorydescriptor. Thiseventis loggedafterthe

reply hasbeensentby thelocal node.As such,theprocesscouldfreethememorydescriptor
onceit seesthis event.

PTL_EVENT_PUT A remoteput operationwasperformedon thememorydescriptor. This event is loggedafter
thedata(if any) is written into thememorydescriptorandaftertheacknowledgement(if any)
hasbeensent.

PTL_EVENT_REPLYA reply hasbeenreceived for the memorydescriptor. This event is loggedafter the data(if
any) from thereplyhasbeenwritten into thememorydescriptor.

PTL_EVENT_ACK An acknowledgement wasreceived. This event is loggedwhenthe acknowledgementis re-
ceived

PTL_EVENT_SENT An outgoingbuffer wassent(seeSection3.10.1).This event is loggedafter theentirebuffer
hasbeensentandit is safefor theapplicationto reusethebuffer.

26



3.8.2 The Event Type

typedef struct {
ptl_event_kind_t type;
unsigned int sequence;
ptl_process_id_t initiator;
ptl_pt_index_t portal;
ptl_match_bits_t match_bits;
ptl_size_t rlength;
ptl_size_t mlength;
ptl_size_t offset;
ptl_md_t mem_desc;
ptl_hdr_data_t hdr_data;

} ptl_event_t;

An eventstructureincludesthefollowing members:
type Indicatesthetypeof operationthatgeneratedtheevent.
sequence Thesequencenumberof theevent.
initiator Theid of theinitiator (groupid, rankid).
portal Theportaltableindex specifiedin therequest.
match_bits A copy of the matchbits specifiedin the request.Seesection3.6 for more informationon

matchbits.
rlength Thelength(in bytes)specifiedin therequest.
mlength Thelength(in bytes)of thedatathatwasmanipulatedby theoperation.For truncatedopera-

tions,themanipulatedlengthwill bethenumberof bytesspecifiedby thememorydescriptor
(possiblywith anoffset)operation.For all otheroperations,themanipulatedlengthwill bethe
lengthof therequestedoperation.

offset Is thedisplacement(in bytes)into thememoryregion that theoperationused.Theoffsetcan
bedeterminedby theoperation(seeSection3.10)for a remotemanagedmemorydescriptor,
or by thelocal memorydescriptor(seeSection3.7).

mem_desc Is a copy of thememorydescriptorimmediatelyaftertheeventhasbeenprocessed.
hdr_data 64bits of out-of-banduserdata(seeSection3.10.1).

3.8.3 PtlEQAlloc

int PtlEQAlloc( ptl_handle_ni_t interface,
ptl_size_t count,
ptl_handle_eq_t* handle );

ThePtlEQAlloc functionis usedto build aneventqueue.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.
PTL_NOSPACE Indicatesthatthereis insufficientmemoryto allocatetheeventqueue.
PTL_SEGV Indicatesthathandle is not a legaladdress.

Ar guments

interface input A handlefor theinterfacethattheeventqueuewill beassociatedwith.
count input Thenumberof eventsthatcanbestoredin theeventqueue.
handle output Onsuccessfulreturn,this locationwill holda handlefor thenewly createdevent

queue.
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3.8.4 PtlEQFr ee

int PtlEQFree( ptl_handle_eq_t eventq );

ThePtlEQFree functionreleasestheresourcesassociatedwith aneventqueue.This functiondoesnotfreethememory
region associatedwith theeventqueue.It is up to theuserto insurethatno memorydescriptorsareassociatedwith
theeventqueueonceit is freed.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_EQ Indicatesthateventq is not avalid eventqueuehandle.

Ar guments

eventq input A handlefor theeventqueueto bereleased.

3.8.5 PtlEQCount

int PltEQCount( ptl_handle_eq_t eventq,
ptl_size_t* count );

ThePTLEQCount functioncanbeusedto discover thenumbereventsin aneventqueue.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_EQ Indicatesthateventq is not avalid eventqueuehandle.
PTL_SEGV Indicatesthatcount is not a legaladdress.

Ar guments

eventq input A handlefor theeventqueue.
count output Onsuccessfulreturn,this locationwill hold thenumberof eventsin theeventqueue.

3.8.6 PtlEQGet

int PltEQGet( ptl_handle_eq_t eventq,
ptl_event_t* event );

ThePTLEQGet functionis anonblockingfunctionthatcanbeusedto getthenext eventin aneventqueue.Theevent
is removedfrom thequeue.

Return Codes

PTL_OK Indicatessuccess.
PTL_EQ_DROPPED Indicatessuccess(i.e.,aneventis returned)andthatat leastoneeventbetweenthis eventand

thelasteventobtained(usingPtlEQGet or PtlEQWait) from thiseventqueuehasbeendropped
dueto limited spacein theeventqueue.

PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_EQ_EMPTY Indicatesthateventq is empty.
PTL_INV_EQ Indicatesthateventq is not avalid eventqueuehandle.
PTL_SEGV Indicatesthatevent is not a legaladdress.
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Ar guments

eventq input A handlefor theeventqueue.
event output Onsuccessfulreturn,this locationwill hold thevaluesassociatedwith thenext event

in theeventqueue.

3.8.7 PtlEQWait

int PltEQWait( ptl_handle_eq_t eventq,
ptl_event_t* event );

ThePTLEQWait functioncanbeusedto block thecalling process(thread)until thereis anevent in aneventqueue.
This functionalsoreturnsthenext event in theeventqueueandremovesthis event from thequeue.This is theonly
blockingoperationin thePortals3.0API.

Return Codes

PTL_OK Indicatessuccess.
PTL_EQ_DROPPED Indicatessuccess(i.e.,aneventis returned)andthatat leastoneeventbetweenthis eventand

thelasteventobtained(usingPtlEQGet or PtlEQWait) from thiseventqueuehasbeendropped
dueto limited spacein theeventqueue.

PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_EQ Indicatesthateventq is not avalid eventqueuehandle.
PTL_SEGV Indicatesthatevent is not a legaladdress.queuehandle.

Ar guments

eventq input A handlefor theeventqueueto wait on. Thecalling process(thread)will beblocked
until eventq is not empty.

event output Onsuccessfulreturn,this locationwill hold thevaluesassociatedwith thenext event
in theeventqueue.

3.9 The AccessControl Table

Processescan usethe accesscontrol table to control which processesand/orwhich usersare allowed to perform
operationson portal tableentries.Eachcommunicationinterfacehasa portal tableandanaccesscontrol table. The
accesscontrol table for the default interfacecontainsan entry at index zero that allows all membersof the same
group(andhenceuser)to communicate.Entriesin theaccesscontrol tablecanbemanipulatedusingthePtlACEntry
function.

3.9.1 PtlACEntry

int PtlACEntry( ptl_handle_ni_t interface,
ptl_ac_index_t index,
ptl_processid_t matchid,
uid_t uid,
ptl_pt_index_t portal );

ThePtlACEntry functioncanbeusedto updateanentryin theaccesscontroltablefor aninterface.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_NI Indicatesthat interface is not a valid network interfacehandle.
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PTL_AC_INV_INDEX Indicatesthat index is not a valid accesscontroltableindex.
PTL_INV_PROC Indicatesthatmatchid is not avalid processidentifier.
PTL_PT_INV_INDEX Indicatesthatportal is not a valid portaltableindex.

Ar guments

interface input Identifiestheinterfaceto use.
index input Theindex of theentryin theaccesscontroltableto update.
matchid input Identifiestheprocess(es)thatareallowedto performoperations.Thevalue

PTL_ID_ANY canbeusedto wildcardeitheror bothcomponentsof theprocess
identifier.

uid input Identifiestheuserthatis allowedto performoperations.ThevaluePTL_UID_ANY
canbeusedto specifyany user.

portal input Identifiestheportalindex(es)thatcanbeused.ThevaluePTL_PT_INDEX_ANYcan
beusedto wildcardtheportalindex.

Restrictingaccessbasedon userID maybedesirablewhena processneedsto acceptrequestsfrom a processthat
will be createdsometimein the future. The exact locationof this processcannotbe known, but it is likely that the
ownerof thatprocessis known aheadof time. For example,theMPI libararymaysetup someportalsthatexposethe
stateof MPI communications.At somelaterpoint in time,theusermayrunanapplicationthatreadsthis information.
The exact locationof the inspectingapplicationis not known whenthe MPI job is run, but it will allow itself to be
inspectedonly by theoriginalownerof thejob.

3.10 Data MovementOperations

ThePortalsAPI providestwo datamovementoperations:PtlPut andPtlGet.

3.10.1 PtlPut

typedef enum { PTL_ACK_REQ, PTL_NOACK_REQ} ptl_ack_req_t;

int PtlPut( ptl_handle_md_t mem_desc,
ptl_ack_req_t ack_req,
ptl_process_id_t target,
ptl_pt_index_t portal,
ptl_ac_index_t cookie,
ptl_match_bits_t match_bits,
ptl_size_t offset,
ptl_hdr_data_t hdr_data );

Valuesof the type ptl_ack_req_t are usedto control whetheran acknowledgementshouldbe sentwhen the
operationcompletes(i.e., when the datahasbeenwritten to a memorydescriptorof the target process). The
valuePTL_ACK_REQrequestsanacknowledgement,thevaluePTL_NOACK_REQrequeststhatnoacknowledgement
shouldbegenerated.

ThePtlPut functioninitiatesanasynchronousputoperation.Therearetwo significanteventsassociatedwith aput
operation:completionof the sendby the local node(PTL_EVENT_SENT) andthe receiptof an acknowledgement
(PTL_EVENT_ACK) indicatingthattheoperationwasacceptedby thetarget.Theseeventswill beloggedin theevent
queueassociatedwith thememorydescriptor(mem_desc) usedin theputoperation.Usingamemorydescriptorthat
doesnot have an associatedevent queueresultsin theseeventsbeingdiscarded.In this case,the applicationmust
have anothermechanism(e.g.,a higherlevel protocol)for determiningwhenit is safeto modify thememoryregion
associatedwith thememorydescriptor.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
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PTL_INV_MD Indicatesthatmem_desc is not avalid memorydescriptor.
PTL_INV_PROC Indicatesthattarget is not avalid processid.

Ar guments

mem_desc input A handlefor thememorydescriptorthatdescribesthememoryto besent.If the
memorydescriptorhasaneventqueueassociatedwith it, it will beusedto recordan
eventwhenthemessagehasbeensent(PTL_EVENT_SENT).

ack_req input Controlswhetheranacknowledgementeventis requested.Acknowledgementsare
only sentwhenthey arerequestedby theinitiating processand thememory
descriptorhasaneventqueueand thetargetmemorydescriptorenablesthem.

target input A processid for thetargetprocess.
portal input Theindex in theremoteportaltable.
cookie input Theindex into theaccesscontroltableof thetargetprocess.
match_bits input Thematchbits to usefor messageselectionat thetargetprocess.
offset input Theoffsetinto thetargetmemorydescriptor(only usedwhenthetargetmemory

descriptorhasthePTL_MD_MANAGE_REMOTEoptionset).
hdr_data input 64 bits of userdatathatcanbeincludedin messageheader. This datais written to an

eventqueueentryat thetargetif aneventqueueis presenton thematchingmemory
descriptor.

3.10.2 PtlGet

int PtlGet( ptl_handle_md_t mem_desc,
ptl_process_id_t target,
ptl_pt_index_t portal,
ptl_ac_index_t cookie,
ptl_match_bits_t match_bits,
ptl_size_t offset );

ThePtlGet functioninitiatesa remotereadoperation.

Return Codes

PTL_OK Indicatessuccess.
PTL_NOINIT IndicatesthatthePortalsAPI hasnot beensuccessfullyinitialized.
PTL_INV_MD Indicatesthatmem_desc is not avalid memorydescriptor.
PTL_INV_PROC Indicatesthattarget is not avalid processid.

Ar guments

mem_desc input A handlefor thememorydescriptorthatdescribesthememoryinto which the
requesteddatawill bereceived.Thememorydescriptorcanhaveaneventqueue
associatedwith it to recordevents,suchaswhenthemessagehasbeenreceived
(PTL_EVENT_REPLY).

target input A processid for thetargetprocess.
portal input Theindex in theremoteportaltable.
cookie input Theindex into theaccesscontroltableof thetargetprocess.
match_bits input Thematchbits to usefor messageselectionat thetargetprocess.
offset input Theoffsetinto thetargetmemorydescriptor(ignoredunlessthetargetmemory

descriptorhasthePTL_MD_MANAGE_REMOTEoptionset).
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3.11 Summary

We concludethis sectionby summarizingthenamesintroducedby thePortals3.0API. We startby summarizingthe
namesof the typesintroducedby the API. This is followed by a summaryof the functionsintroducedby the API.
Which is followed by a summaryof the function returncodes. Finally, we concludewith a summaryof the other
constantvaluesintroducedby theAPI.

Table2 presentsa summaryof thetypesdefinedby thePortalsAPI. Thefirst columnin this tablegivesthetype
name,thesecondcolumngivesabrief descriptionof thetype,thethird columnidentifiesthesectionwherethetypeis
defined,andthefourthcolumnlists thefunctionsthathaveargumentsof this type.

Table2: TypesDefinedby thePortals3.0API

Name Meaning Section Functions
ptl_ac_index_t indexesfor anaccesscontroltable 3.2.3 PtlACEntry, PtlPut,PtlGet
ptl_ack_req_t acknowledgementrequesttypes 3.10.1 PtlPut
ptl_addr_kind_t kindsof processaddresses(nid, pid or gid, rid) 3.4.1
ptl_event_kind_t kindsof events(get,put, reply, etc.) 3.8.1 PtlGetId
ptl_event_t informationaboutevents 3.8.2 PtlEQGet
ptl_handle_any_t handlesfor any object 3.2.2 PtlNIHandle
ptl_handle_eq_t handlesfor eventqueues 3.2.2 PtlEQAlloc,PtlEQFree,PtlEQCount,

PtlEQGet,PtlEQWait,PtlMDUpdate
ptl_handle_md_t handlesfor memorydescriptors 3.2.2 PtlMDAlloc, PtlMDUnlink,

PtlMDUpdate,PtlMEAttach,
PtlMEInsert,PtlPut,PtlGet

ptl_handle_me_t handlesfor matchentries 3.2.2 PtlMEAttach,PtlMEInsert,
PtlMEUnlink

ptl_handle_ni_t handlesfor network interfaces 3.2.2 PtlNIInit, PtlNIFini, PtlNIStatus,
PtlNIDist, PtlEQAlloc,PtlACEntry,
PtlPut,PtlGet

ptl_id_t identifiers(nid, pid, gid, rid) 3.2.6
ptl_ins_pos_t insertionposition(beforeor after) 3.6.2 PtlMeInsert,PtlMDInsert
ptl_interface_t identifiersfor network interfaces 3.2.5 PtlNIInit
ptl_match_bits_t match(andignore)bits 3.2.4 PtlMEAttach,PtlMEInsert,PtlPut,

PtlGet
ptl_md_t memorydescriptors 3.7.1 PtlMDAttach,PtlMDInsert,

PtlMDUpdate
ptl_process_id_t processidentifiers 3.4.1 PtlGetId,PtlNIDist, PtlMEAttach,

PtlACEntry, PtlPut,PtlGet
ptl_pt_index_t indexesfor portaltables 3.2.3 PtlMEAttach,PtlACEntry
ptl_size_t sizes 3.2.1 PtlEQAlloc,PtlEQCount,PtlPut,

PtlGet
ptl_sr_index_t indexesfor statusregisters 3.2.7 PtlNIStatus
ptl_sr_value_t valuesin statusregisters 3.2.7 PtlNIStatus
ptl_unlink_t unlink options 3.6.1 PtlMEAttach,PtlMEInsert,

PtlMDAttach,PtlMDInsert

Table3 presentsa summaryof the functionsdefinedby the PortalsAPI. Thefirst columnin this tablegivesthe
namefor thefunction,thesecondcolumngivesa brief descriptionof theoperationimplementedby thefunction,and
thethird columnidentifiesthesectionwherethefunctionis defined.

Table 4 summarizesthe return codesusedby functionsdefinedby the PortalsAPI. All of theseconstantsare
integervalues.Thefirst columnof this tablegivesthesymbolicnamefor theconstant,thesecondcolumngivesabrief
descriptionof thevalue,andthethird columnidentifiesthefunctionsthatcanreturnthisvalue.

Table5 summarizesthe remainingconstantvaluesintroducedby the PortalsAPI. The first columnin this table
presentsthesymbolicnamefor theconstant,thesecondcolumngivesabrief descriptionof thevalue,thethird column
identifiesthetypefor thevalue,andthefourth columnidentifiesthesectionsin which thevalueis mentioned.
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Table3: FunctionsDefinedby thePortals3.0API

Name Operation Section
PtlACEntry updateanentryin anaccesscontroltable 3.9
PtlEQAlloc createaneventqueue 3.8
PtlEQCount getthenumbereventsin aneventqueue 3.8
PtlEQGet getthenext eventfrom aneventqueue 3.8
PtlEQFree releasetheresourcesfor aneventqueue 3.8
PtlEQWait wait for a new eventin aneventqueue 3.8
PtlFini shutdown thePortalsAPI 3.3
PtlGet performa getoperation 3.10
PtlGetId gettheid for thecurrentprocess 3.4
PtlInit initialize thePortalsAPI 3.3
PtlMDAttach createa memorydescriptorandattachit to amatchentry 3.7
PtlMDBind createa free-floatingmemorydescriptor 3.7.4
PtlMDInsert createa memorydescriptorandinsertit in a list 3.7
PtlMDUnlink remove a memorydescriptorfrom a list andreleaseits resources 3.7
PtlMDUpdate updatea memorydescriptor 3.7
PtlMEAttach createa matchentryandattachit to a portaltable 3.6
PtlMEInsert createa matchentryandinsertit in a list 3.6
PtlMEUnlink remove a matchentryfrom a list andreleaseits resources 3.6
PtlNIBarrier barriersynchronizationfor a processgroup 3.5
PtlNIDist getthedistanceto anotherprocess 3.5
PtlNIFini shutdown a network interface 3.5
PtlNIHandle getthenetwork interfacehandlefor anobject 3.5
PtlNIInit initialize a network interface 3.5
PtlNIStatus reada network interfacestatusregister 3.5
PtlPut performa putoperation 3.10
PtlTransId translateid 3.4
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Table4: FunctionReturnCodesfor thePortals3.0API

Name Meaning Functions
PTL_AC_INV_INDEX invalid accesscontroltableindex PtlACEntry
PTL_ADDR_UNKNOWNunknown processaddress PtlTransId
PTL_EQ_DROPPED at leastoneeventhasbeendropped PtlEQGet,PtlWait
PTL_EQ_EMPTY noeventsavailablein aneventqueue PltEQGet
PTL_FAIL errorduringinitialization or cleanup PtlInit, PtlFini
PTL_ILL_MD illegalmemorydescriptorvalues PtlMDAttach,PtlMDInsert,PtlMDBind,

PtlMDUpdate
PTL_INIT_DUP duplicateinitialization of aninterface PtlNIInit
PTL_INIT_INV initializationof aninvalid interface PtlNIInit
PTL_INV_ASIZE invalid accesscontroltablesize PtlNIInit
PTL_INV_EQ invalid eventqueuehandle PtlMDUpdate,PtlEQFree,PtlEQCount,PtlEQGet
PTL_INV_HANDLE invalid handle PtlNIHandle
PTL_INV_MD invalid memorydescriptorhandle PtlMDInsert,PtlMDUnlink, PtlMDUpdate
PTL_INV_ME invalid matchentryhandle PtlMDAttach,PtlMDInsert
PTL_INV_NI invalid network interfacehandle PtlNIBarrier, PtlNIDist, PtlNIFini, PtlMDBind,

PtlEQAlloc
PTL_INV_PROC invalid processidentifier PtlNIDist, PtlMEAttach,PtlMEInsert,

PtlACEntry, PtlPut,PtlGet
PTL_INV_PSIZE invalid portaltablesize PtlNIInit
PTL_INV_PTINDEX invalid portaltableindex PtlMEAttach
PTL_INV_REG invalid statusregister PtlNIStatus
PTL_INV_SR_INDX invalid statusregisterindex PtlNIStatus
PTL_ML_TOOLONG matchlist too long PtlMEInsert
PTL_NOINIT uninitializedAPI all, exceptPtlInit
PTL_NOSPACE insufficient memory PtlNIInit, PtlMDAttach,PtlMDInsert,

PtlMDBind, PtlEQAlloc,PtlMEAttach,
PtlMEInsert

PTL_NOUPDATE noupdatewasperformed PtlMDUpdate
PTL_OK success all
PTL_SEGV addressingviolation PtlGetId,PtlTransId,PtlNIInit, PtlNIStatus,

PtlNIDist, PtlNIHandle,PtlMEAttach,
PtlMEInsert,PtlMDAttach,PtlMDInsert,
PtlMDBind, PtlMDUpdate,PtlEQAlloc,
PtlEQCount,PtlEQGet,PtlEQWait
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Table5: OtherConstantsDefinedby thePortals3.0API

Name Meaning Base type Section
PTL_ACK_REQ requestanacknowledgement ptl_ack_req_t 3.10.1
PTL_ADDR_BOTH nid, pid and gid, rid processaddress ptl_addr_kind_t 3.4.1
PTL_ADDR_GID gid, rid processaddress ptl_addr_kind_t 3.4.1
PTL_ADDR_NID nid, pid processaddress ptl_addr_kind_t 3.4.1
PTL_EQ_NONE a NULL eventqueuehandle ptl_handle_eq_t 3.7.6
PTL_EVENT_GET getevent ptl_event_kind_t 3.8.1
PTL_EVENT_PUT putevent ptl_event_kind_t 3.8.1
PTL_EVENT_REPLY replyevent ptl_event_kind_t 3.8.1
PTL_EVENT_ACK acknowledgementevent ptl_event_kind_t 3.8.1
PTL_EVENT_SENT sentevent ptl_event_kind_t 3.8.1
PTL_ID_ANY wildcardfor processid fields ptl_id_t 3.6.1
PTL_IFACE_DEFAULT default interface ptl_interface_t 3.2.5
PTL_INS_AFTER insertafter ptl_ins_pos_t 3.6.2
PTL_INS_BEFORE insertbefore ptl_ins_pos_t 3.6.2
PTL_MD_ACK_DISABLE a flag to disableacknowledgements int 3.7.1
PTL_MD_MANAGE_REMOTEa flag to enabletheuseof remoteoffsets int 3.7.1
PTL_MD_OP_GET a flag to enablegetoperations int 3.7.1
PTL_MD_OP_PUT a flag to enableputoperations int 3.7.1
PTL_MD_THRESH_INF infinite thresholdfor a memorydescriptor int 3.7.1
PTL_MD_TRUNCATE a flag to enabletruncationof a request int 3.7.1
PTL_NOACK_REQ requestnoacknowledgement ptl_ack_req_t 3.10.1
PTL_PT_INDEX_ANY wildcardfor portalindexes ptl_pt_index_t 3.9.1
PTL_RETAIN disableunlinking ptl_unlink_t 3.6.1
PTL_SR_DROP_COUNT index for thedroppedcountregister ptl_sr_index_t 3.2.7
PTL_UNLINK enableunlinking ptl_unlink_t 3.6.1
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4 The Semanticsof MessageTransmission

TheportalsAPI usesfour typesof messages:putrequests,acknowledgements,getrequests,andreplies.In thissection,
we describethe informationpassedon thewire for eachtypeof message.We alsodescribehow this informationis
usedto processincomingmessages.

4.1 SendingMessages

Table6 summarizestheinformationthatis transmittedfor aput request.Thefirst columnprovidesadescriptivename
for the information,thesecondcolumnprovidesthe type for this information,the third columnidentifiesthesource
of theinformation,andthefourth columnprovidesadditionalnotes.Most informationthat is transmittedis obtained
directly from thePtlPut operation.Notice that thehandlefor thememorydescriptorusedin thePtlPut operationis
transmittedeventhoughthisvaluecannotbeinterpretedby thetarget.A valueof anythingotherthanPTL_MD_NONE,
is interpretedasa requestfor anacknowledgement.

Information Type PtlPut argument Notes
operation int indicatesa put request
initiator ptl_process_id_t local information
target ptl_process_id_t target
portalindex ptl_pt_index_t portal
cookie ptl_ac_index_t cookie
matchbits ptl_match_bits_t match_bits
offset ptl_size_t offset
memorydesc ptl_handle_md_t mem_desc noackif PTL_MD_NONE
length ptl_size_t mem_desc length member
data bytes mem_desc start andlength members

Table6: InformationPassedin aPutRequest

Table7 summarizestheinformationtransmittedin anacknowledgement.Mostof theinformationis simplyechoed
from the put request.Notice that the initiator andtargetareobtaineddirectly from theput request,but areswapped
in generatingtheacknowledgement.Theonly new pieceof informationin theacknowledgementis themanipulated
lengthwhich is determinedastheput requestis satisfied.

Information Type PutInformation Notes
operation int indicatesanacknowledgement
initiator ptl_process_id_t target
target ptl_process_id_t initiator
portalindex ptl_pt_index_t portalindex echo
matchbits ptl_match_bits_t matchbits echo
offset ptl_size_t offset echo
memorydesc ptl_handle_md_t memorydesc echo
requestedlength ptl_size_t length echo
manipulatedlength ptl_size_t obtainedfrom theoperation

Table7: InformationPassedin anAcknowledgement

Table8 summarizestheinformationthatis transmittedfor a getrequest.Like theinformationtransmittedin a put
request,mostof the informationtransmittedin a get requestis obtaineddirectly from the PtlGet operation.Unlike
put requests,get requestsdo not includethe event queuehandle. In this case,the reply is generatedwhenever the
operationsucceedsandthememorydescriptormustnot beunlinkeduntil thereply is received. As such,thereis no
advantageto explicitly sendingtheeventqueuehandle.

Table9 summarizestheinformationtransmittedin a reply. Like anacknowledgement,mostof theinformationis
simplyechoedfrom thegetrequest.Theinitiator andtargetareobtaineddirectly from thegetrequest,but areswapped
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Information Type PtlGet argument Notes
operation int indicatesa getoperation
initiator ptl_process_id_t local information
target ptl_process_id_t target
portalindex ptl_pt_index_t portal
cookie ptl_ac_index_t cookie
matchbits ptl_match_bits_t match_bits
offset ptl_size_t offset
memorydesc ptl_handle_md_t mem_desc
length ptl_size_t mem_desc length member

Table8: InformationPassedin a GetRequest

in generatingthe acknowledgement.Theonly new informationin theacknowledgementarethe manipulatedlength
andthedatawhich aredeterminedasthegetrequestis satisfied.

Information Type PutInformation Notes
operation int indicatesanacknowledgement
initiator ptl_process_id_t target
target ptl_process_id_t initiator
portalindex ptl_pt_index_t portalindex echo
matchbits ptl_match_bits_t matchbits echo
offset ptl_size_t offset echo
memorydesc ptl_handle_md_t memorydesc echo
requestedlength ptl_size_t length echo
manipulatedlength ptl_size_t obtainedfrom theoperation
data bytes obtainedfrom theoperation

Table9: InformationPassedin aReply

4.2 Receiving Messages

Whenan incomingmessagearriveson a network interface,the runtimesystemfirst checksthat the target process
identifiedin the requestis a valid processthat hasinitialized the network interface(i.e., that the target processhas
a valid portal table). If this testfails, the runtimesystemdiscardsthemessageandincrementsthedroppedmessage
countfor the interface.The remainderof theprocessingdependson the typeof the incomingmessage.Putandget
messagesaresubjectto accesscontrol checksandtranslation(searchinga matchlist), while acknowledgementand
replymessagesbypasstheaccesscontrolchecksandthetranslationstep.

Acknowledgementmessagesinclude a handlefor the event queuewherethe event shouldbe recorded. Upon
receiptof an acknowledgement,the runtimesystemonly needsto confirm that the event queuestill exists andthat
thereis spacefor anotherevent. Shouldtheeventqueueno longerexist or if thereis not sufficient spacein theevent
queue,themessageis simply discardedandthedroppedmessagecountfor the interfaceis incremented.Otherwise,
theruntimesystembuildsanacknowledgementeventfrom theinformationin theacknowledgementmessageandadds
it to theeventqueue.

Receptionof replymessagesis alsorelatively straightforward.Eachreplymessageincludesahandlefor amemory
descriptor. If this descriptorexists,it is usedto receive themessage.A reply messagewill bedroppedif thememory
descriptoridentifiedin therequestdoesn’t exist or if theeventqueuein thememorydescriptorhasnospaceandis not
PTL_EQ_NONE. In eitherof thesecases,thedroppedmessagecountfor the interfaceis incremented.Thesearethe
only reasonsfor droppingreply messages.Every memorydescriptoracceptsandtruncatesincomingreply messages,
eliminatingtheotherpotentialreasonsfor rejectinga replymessage.

Thecritical stepin processinganincomingputor getrequestinvolvesmappingtherequestto amemorydescriptor.
This stepstartsby usingtheportal index in theincomingrequestto identify a list of matchentries.This list of match
entriesis searchedin orderuntil a matchentry is foundwhosematchcriteriamatchesthematchbits in theincoming
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requestandwhosefirst memorydescriptoracceptstherequest.
Becauseacknowledgeandreply messagesaregeneratedin responseto requestsmadeby the processreceiving

thesemessages,the checksperformedby the runtime systemfor acknowledgementsand repliesare minimal. In
contrast,put andget messagesaregeneratedby remoteprocessesandthe checksperformedfor thesemessagesare
moreextensive. Incomingput or getmessagesmayberejectedbecause:

� theportalindex suppliedin therequestis notvalid;

� thecookiesuppliedin therequestis not a valid accesscontrolentry;

� theaccesscontrolentryidentifiedby thecookiedoesnot matchtheidentifierof therequestingprocess;

� theaccesscontrolentryidentifiedby thecookiedoesnot matchtheidentifierof therequestinguser;

� the accesscontrol entry identifiedby the accesscontrol entry doesnot matchthe portal index suppliedin the
request;or

� the matchbits suppliedin the requestdo not matchany of the matchentrieswith a memorydescriptorthat
acceptstherequest.

In all cases,if the messageis rejected,the incomingmessageis discardedand the droppedmessagecount for the
interfaceis incremented.

A memorydescriptormayrejectanincomingrequestfor any of thefollowing reasons:

� thePTL_MD_PUTor PTL_MD_GEToptionhasnot beenenabledandtheoperationis put or get,respectively;

� the lengthspecifiedin therequestis too long for thememorydescriptorandthePTL_MD_TRUNCATEoption
hasnot beenenabled;

� theeventqueueis not PTL_EQ_NONEandthereis no spacefor anew event.

5 Examples

In this sectionwe presentseveral exampleto illustrate expectedusagepatternsfor the Portals3.0 API. The first
exampledescribeshow to implementparallelserversusingthe featuresof thePortals3.0 API. This examplecovers
the accesscontrol list andthe useof remotemanagedoffsets. Thesecondexamplepresentsan approachto dealing
with droppedrequests.This examplecoversaspectsof matchlists andmemorydescriptors.Thefinal examplecovers
messagereceptionin MPI. This exampleillustratesmoresophisticatedusesof matchinganda procedureto updatea
memorydescriptor.

5.1 Parallel File Servers

Figure5 illustratesthelogical structureof aparallelfile server. In thiscase,theparallelserverconsistsof four servers
thatstripeapplicationdataacrossfour disks.Wewould like to presentapplicationswith theillusion thatthefile server
is a singleentity. We will assumethatall of theprocessesthatconstitutetheparallelserver arein a singlegroupand
thatthis groupis uniqueto theparallelserver.

Whenanapplicationestablishesa connectionto theparallelfile server, it will allocatea portalandaccesscontrol
list entryfor communicatingwith theserver. Theaccesscontrollist entrywill includetheportalandmatchany process
in theparallelfile server’sgroup,soall of thefile serverprocesseswill haveaccessto theportal.Theportalinformation
andaccesscontrolentrywill besentto thefile serverat this time. If theapplicationandserverneedto havemultiple,
concurrentI/O operations,they canuseadditionalportalsor matchentriesto keeptheoperationsfrom interferingwith
oneanother.

WhenanapplicationinitiatesanI/O operation,it first buildsamemorydescriptorthatdescribesthememoryregion
involvedin theoperation.This memorydescriptorwill enabletheappropriateoperation(put for readoperationsand
get for write operations)andenabletheuseof remoteoffsets(this lets theserversdecidewheretheir datashouldbe
placedin the memoryregion). After creatingthememorydescriptorandlinking it into theappropriateportal entry,
theapplicationsendsareador write request(usingPtlPut) to oneof thefile serverprocesses.Thefile serverprocesses
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canthenuseputor getoperationswith theappropriateoffsetsto fill or retrievethecontentsof theapplication’sbuffer.
To know whentheoperationhascompleted,theapplicationcanaddaneventqueueto thememorydescriptorandadd
up thelengthsof theremoteoperationsuntil thesumis thesizeof therequestedI/O operation.

5.2 Dealing with DroppedRequests

If a processdoesnot anticipateunexpectedrequests,they will be discarded. Applicationsusing the PortalsAPI
canquerythedroppedcountfor the interfaceto determinethenumberof requeststhathave beendropped(seeSec-
tion 3.5.4).While thisapproachminimizesresourceconsumption,it doesnotprovideinformationthatmightbecritical
in debuggingtheimplementationof a higherlevel protocol.

To keeptrack of moreinformationaboutdroppedrequests,we usea memorydescriptorthat truncateseachin-
comingrequestto zerobytesandlogs the “dropped”operationsin an eventqueue.Note that the operationsarenot
droppedin thePortalssense,becausetheoperationsucceeds.

Thefollowing codefragmentillustratesanimplementationof this approach.In this case,we assumethata thread
is launchedto executethe function watch_drop . This codestartsby building an event queueto log truncated
operationsandamemorydescriptorto truncatetheincomingrequests.Thisexampleonly captures“dropped”requests
for a singleportal. In a morerealisticsituation,thememorydescriptorwould beappendedto thematchlist for every
portal.We alsoassumethatthethreadis capableof keepingupwith the“dropped”requests.If this is not thecase,we
coulduseafinite thresholdon thememorydescriptorto capturethefirst few droppedrequests.

#include � stdio.h�
#include � stdlib.h�
#include � portals.h�

#defineDROP SIZE 32 / � numberof droppedrequeststo track � /

int watch drop(ptl handleni t ni, ptl pt index t index ) �
ptl handleeq t drop events;
ptl event t event;
ptl handlemd t drop em;
ptl md t drop desc;
ptl processid t any proc;
ptl handleme t matchany;

/ � createtheeventqueue� /
if( PtlEQAlloc(ni,DROP SIZE,&drop events) �	 PTL OK ) �

fprintf( stderr, "Couldn't create the event queue\n" );
exit( 1 );
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/ � build a matchentry � /
any proc.pidnid = PTL ADDR GID;
any proc.gid= PTL ID ANY;
any proc.rid= PTL ID ANY;
PtlMEAttach(index, any proc,0, � (ptl matchbits t)0, PTL RETAIN,

&match any );

/ � createthememorydescriptor� /
drop desc.start= NULL;
drop desc.length= 0;
drop desc.threshold= PTL MD THRESH INF;
drop desc.options= PTL MD OP PUT � PTL MD OP GET � PTL MD TRUNCATE;
drop desc.userptr = NULL;
drop desc.eventq= drop events;
if( PtlMDAttach(matchany, drop desc,&drop em) �	 PTL OK ) �

fprintf( stderr, "Couldn't create the memory descriptor\n" );
exit( 1 );


/ � watchfor ”dropped”requests� /
while( 1 ) �

if( PtlEQWait( drop events,&event) �	 PTL OK ) break;
fprintf( stderr, "Dropped request from gid = %d, rid = %d\n" ,

event.initiator.gid, event.initiator.rid );




5.3 MessageTransmissionin MPI

We concludethis sectionwith a fairly extensive examplethatdescribesanapproachto implementingmessagetrans-
missionfor MPI. Like many MPI implementations,we distinguishtwo messagetransmissionprotocols:a shortmes-
sageprotocolanda longmessageprotocol.We usetheconstantMPI_LONG_LENGTHto determinethesizeof a long
message.

For smallmessages,thesendersimplysendsthemessageandpresumesthatthemessagewill bereceived(i.e., the
receiver hasallocateda memoryregion to receive themessagebody). For largemessages,thesenderalsosendsthe
message,but doesnot presumethat themessagebodywill besaved. Instead,thesenderbuilds a memorydescriptor
for themessageandenablesgetoperationson this descriptor. If the targetdoesnot save thebodyof themessage,it
will recordaneventfor theput operation.Whentheprocesslaterissuesa matchingMPI receive, it will performa get
operationto retrieve thebodyof themessage.

Thefollowing codepresentsafunctionthatimplementsthesendsideof theprotocol.TheglobalvariableEndGet
is the last matchentry attachedto the portal index usedfor postinglong messages.This entry doesnot matchany
incomingrequests(i.e., thememorydescriptorrejectsall getoperations)andis built during initialization of theMPI
library. Theotherglobalvariable,MPI_NI , is ahandlefor thenetwork interfaceusedby theMPI implementation.

externptl handleme t EndGet;
externptl handleni t MPI NI;

void MPIsend(void � buf, ptl size t len,void � data,ptl handleeq t eventq,
ptl processid target,ptl matchbits t match)

�
ptl handlemd t sendhandle;
ptl md t memdesc;
ptl ack req t want ack= PTL NOACK REQ;

mem desc.start= buf;
mem desc.length= len;
mem desc.threshold= 1;
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mem desc.options= PTL MD GET OP;
mem desc.userptr = data;
mem desc.eventq= eventq;

if( len  MPI LONG LENGTH ) �
ptl handleme t me handle;

/ � adda matchentryto theendof thegetlist � /
PtlMEInsert(target,match,0, PTL UNLINK, PTL INS BEFORE,EndGet,&me handle);
PtlMDAttach(me handle,memdesc,PTL UNLINK, NULL );

/ � we wantanackfor long messages� /
want ack= PTL ACK REQ;


/ � createa memorydescriptorandsendit � /
PtlMDBind( MPI NI, memdesc,&sendhandle);
PtlPut(sendhandle,want ack,target,MPI SEND PINDEX, MPI AINDEX, match,0 );


TheMPISend functionreturnsassoonasthemessagehasbeenscheduledfor transmission.Theeventqueueargu-
ment,eventq , canbeusedtodeterminethedispositionof themessage.Assumingthateventq is notPTL_EQ_NONE,
a PTL_EVENT_SENTevent will be recordedfor eachmessageasthe messageis transmitted.For small messages,
this is theonly event thatwill berecordedin eventq . In contrast,long messagesincludeanexplicit requestfor an
acknowledgement.If the target processhasposteda matchingreceive, the acknowledgementwill be sentasthe
messageis received. If a matchingreceive hasnot beenposted,themessagewill bediscardedandno acknowledge-
mentwill besent.Whenthe target processlaterissuesa matchingreceive, thereceivewill betranslatedinto a get
operationanda PTL_EVENT_GETeventwill berecordedin eventq .

Figure6 illustratestheorganizationof a matchlist for receiving MPI messages.Thematchlist startswith entries
thatmatchtheprepostedMPI receives(theseentriesarenotshown in Figure6); followedby amatchentrythatrejects
all incomingrequests,calledtheRcvMark; followedby two matchentriesthatmatchall incomingrequests.Thelast
two matchentriesareusedfor unexpectedmessages,i.e., messagesthat do not matchany of the receivesthat have
beenpostedby the local MPI process.Thefirst of thesehandlesshortmessagesby saving thebodyof themessage,
while thesecondhandleslong messagesby discardingthemessagebody. All of thememorydescriptorsassociated
with thesematchentriessharea commonevent queueto ensurethat unexpectedmessagesareprocessedin arrival
order.

Whenthe local MPI processpostsanMPI receive, a new matchentry is insertedbeforetheRcvMark entryand,
assuch,after all of the previously postedreceives. This ensuresthat prepostedreceivesarematchedin the order
that they wereposted(a requirementof MPI). Insertingan entry for a prepostedreceive is not a matterof simply
insertinga matchentry beforethe RcvMark. You mustfirst checkto seeif a matchingmessagehasarrived before
addingthe new entry to matchlist. The trick is to avoid the racecondition that resultsfrom the possibility that a
matchingmessagearrivesafteryou have searchedthematchlist, but beforeyou have insertedtheprepostedreceive.
Thefunctionpresentedin

The following codepresentsa function that avoids this racecondition. The codestartsby creatinga memory
descriptoranda matchentrywhich is insertedbeforetheRcvMark. Becausethe memorydescriptor’s threshold
is initially setto zero,the memorydescriptorwill not respondto any incomingoperations.After insertingthe new
matchentry, the codesearchesfor a matchingmessagethat hasalreadybeenreceived. If a matchis found, the
memorydescriptorandmatchentryarereleasedandthefunctionreturns.Otherwise,thecodeconditionallyupdates
the threshold memberof the memorydescriptor. The updateis predicatedby the conditionthat no unexpected
messageshavearrivedsincethestartof thesearch.

externptl handleeq t UnexpQueue;
externptl handleme t RcvMark;
externptl handleme t ShortMatch;

typedefstructevent list tag �
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ptl event t event;
structevent list tag � next;

event list;

externevent list Rcvd;

void AppendRcvd(ptl event t event)
�

/ � appendaneventontotheRcvdlist � /


int SearchRcvd(void � buf, ptl size t len,ptl processid t sender, ptl matchbits t match,
ptl matchbits t ignore,ptl event t � event)

�
/ � SearchtheRcvdeventqueue,looking for amessagethatmatchestherequestedmessage.

� If oneis found,remove theeventfrom theRcvdlist andreturnit. � /


typedefenum � RECEIVED,POSTED



receive state;

receive stateCopyMsg( void � buf, ptl size t length,ptl event t event,ptl md t md buf )
�

ptl md t md buf;
ptl handleme t me handle;

if( event.rlength MPI LONG LENGTH ) �
PtlMDBind( MPI NI, md buf, &md handle);
PtlGet(event.initiator, MPI GET PINDEX, 0, event.matchbits,MPI AINDEX, md handle);
returnPOSTED;
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else �
/ � copy themessageandrecycle thebuffer � /
memcpy( buf, event.mddesc.start,len );
event.mddesc.threshold= 1;
PtlMDAttach(ShortMatch,event.mddesc,PTL UNLINK, NULL );
returnRECEIVED;





receive stateMPIreceive( void � buf, ptl size t len,void � MPI data,ptl handleeq t eventq,
ptl processid t sender, ptl matchbits t match,ptl matchbits t ignore)

�
ptl md t md buf;
ptl handlemd t md handle;
ptl handleme t me handle;
ptl event t event;

/ � build a memorydescriptorfor thereceive � /
md buf.start= buf;
md buf.length= len;
md buf.threshold= 0; / � temporarilydisabled� /
md buf.options= PTL MD PUT OP;
md buf.userptr = MPI data;
md buf.eventq= eventq;

/ � seeif we have alreadyreceivedthemessage� /
if( SearchRcvd(buf, len,sender, match,ignore,&event))

returnCopyMsg( buf, length,event,md buf );

/ � createthematchentryandattachthe memorydescriptor� /
PtlMEInsert(sender, match,ignore,PTL UNLINK, PTL INS BEFORE,RcvMark,&me handle);
PtlMDAttach(me handle,md buf, PTL UNLINK, &md handle);

md buf.threshold= 1;
do

if( PtlEQGet(UnexpQueue,&event) �	 PTL EQ EMPTY ) �
if( MPIMatch(event,match,ignore,sender)) �

PtlMDUnlink( md handle); / � don’t leave thereceive posted� /
returnCopyMsg( buf, len,event,md buf );

else �
AppendRcvd(event);




while( PtlMDUpdate(mdhandle,NULL, &md buf, unexp queue)== PTL NOUPDATE );
returnPOSTED;
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